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Cytotaxonomy and Cytogeography of Vicia sect. Vicilla 
in Northeast of China 
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Abstract Vicia amiren.si.s has pollen grain with swollen mesocipimn, terete style, abaxially sprouting stvlar hairs and 
globes stigma, dilVering from other live species, V. amoena, V. japanica. V. p.seudo-arhu.s, V. rannilifbra. V. imijuga and V. 
venosa, in sect. Vicilla of Kupicha's System This result further support taxonomic treatment V. amwvn.si.s proposed by 
lindo and Ohash The chromosome numbers of 64 populations and karyotypes of 15 populations for sect. Vicilla and sect. 
Amuren.se were observed. V. amwvn.si.s and V. p.setulo-orlm.s have similar karyotype features such as the same karyotype 
symmetry, comparable chromosome size and the same type of Sal-chromosomes, and therefore V. amwvn.si.s m sect. 
Amiiren.se is assumed to be closely related to V. japanica in sect Vicilla. The primary study of nuclear DNA amount was 
carried out on nine populations of six taxa in sect Vicilla in China. It is primarily discussed that evolutionary trend of 
karyotype, nuclear DNA amount in sect Vicilla and geographic distribution of different ploidy eylotypes. 
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Introduction 

Kupicha ltas made a revision of Vicia L. in the world 
since 1976. Sect. Vicilla includes about fifteen species. 
The most taxa in this section belong to Asian species, 
which distribute iu Siberia in Russia, Northeast, North 
and West of China, Mongolia. Japan and Korea, such as 
V amoena, V. amurensis and V. japanica etc.. Three 
taxa among them, V pisiformis , V liumoiontm and V 
sylvatica mainly distribute in Europe. V sy/valica also 
distributes in the North of Asia. Chromosome numbers 
and karyotypes of Asian sect. Vicilla were reported by 
Huizivvara and Kodon (1968) etc.. 

In genus Vicia, a astonishing variation in chromosome 
size among specie? is reflected in jiuclcar DNA amount 
(Maxtcd et al., 1991; Raina. 1988, 1990; Narayan ct al. 
1983 ). Raina (1990) found that the divergence and evo¬ 
lution of species was accompanied by a seven fold varia¬ 
tion in the amount of chromosomal DNA, ranging from 
3.85 pg in V. monantha to 27.07 pg in V fab a. Maxtcd 
et al.( 1991) and Raina (1990) all observed that the dis¬ 
tribution of DNA amount in Vicia species. It seemed to 
be independent from taxonomic position. Recently, 
Raina ct al. (1994) observed that direction of DNA 
changing in polyploids was species specific and rapid 
DNA loss to the adaptive advantage in the establishment 
of colchitctraploids in Phlox drwnmoniiii , which is in 
agreement with the conclusions reached by Kenton ct 
al.(1990), and Raina and Rees (1983 a, b). It is pro¬ 
posed that recent or ancient origin of polyploidy be ad¬ 
dressed by measuring nuclear DNA amount This rela¬ 


tion has been observed in Triticum (Pcgington and Rees, 
1970), Honieum (Bcnncl and Smith. 1971), Bulnesia 
(Poggio and Hunzikcr, 1986) and Larrea (Poggio ct al, 
1989). 

In this paper, karyotype and nuclear DNA content of 
sect. Vicilla and V amurensis of sect. Amurense have 
been studied. Cytotaxonomic relationship between those 
sections, evolutionary trend of karyotype and nuclear 
DNA amount in sect. Vicilla and the pattern of geo¬ 
graphic distribution of infraspecific tetraploid cytotypcs 
have also been discussed. 

Materials and Methods 

Plant materials 

The seeds of species in this test were collected from wild 
populations in Northeast of China, Japan and Korea. 
And some seeds were supplied by the ILDIS Coordina¬ 
tion Center, University of Southampton, England (Table 

1 ). 

Observation with SEM 

Inflorescences of six Vicia species, from plants culti¬ 
vated in Botanical Garden of Harbin Normal University, 
were fixed in FAA. For observation with SEM, (lower 
organs were obtained from flowers in FAA and dehy¬ 
drated by an ethanol series. Then the ethanol was re¬ 
moved by isoamylacetate. The materials were dried in a 
critical point dryer with carbon dioxide and coated with 
gold Styles were cut at the middle region to observe the 
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transfer section. The specimens were observed under a 
Hitachi S-520 SEM. 

Chromosome counts and karyotypes 

The seeds were put on a moist filter, and germinated at 
22 "C. When roots grew and elongated about 1.2 cm 
length, root tips were cut off and pretrealed with satu¬ 
rated fi-dichirobcnzcnc solution for 4-6 h. The} were 
fixed in Camoy's solution for 3-24 h. Root tips were 
hydrolyzed in IMol/L HC1 at 60”C for 6-8 min. stained 
in modified Carbol fuchin and squashed in 45% acetic 
acid. Photographs of metaphase cells were taken by 


OLYMPUS BH2 microscope. For karyotype analysis, 
the systems proposed by Leaven et al. (1964) and Stcb- 
bins (1971) were followed. Satellite bodies were in¬ 
cluded in total length. The karyotype symmetry index 
(As. I. %) was calculated using the forma described by 
Arano and Sailo (1980). 

Determination of DNA amount 

The seeds of the taxa were directly collected from wild 
population in Northeast China (Table 1). Alliwn cepa cv. 
Alisa Craig with a known 4C DNA amount of 67.00 pg 
was used as the measurements standard. 


Table 1, Chromosome numbers and origins of I 'icia sect. I icilla and sect. Amnrense in present study 


Taxa 

2n 

< )i igin 

V. amoena 

24 

Harbin. Li 90020; Zhaodong, Li and Liu 90030; Qiqihaer, Li 90022; Jiagedaqi. Li and Liu 90030; Tahe, I.,i 90025; Ta yuan. 
Li and Liu, 90018; Siliji. Li and Liu 90019; Ileilie. Li 90024; Tieli Li 90014; Mudanjiang. Liu 90015; Suifenhc, Li and Liu 
90017; Mishan. Liu 90019; IlnilaerXi 90033; Baicheng, Li 91009; Baihe. Li and Liu 91015; Jianping, Li 91020; Qianshan, 
Li 91018, Senyang, Li 91023; Simeng, Li 90033. 90050; Mangui. Li 90039 

V. amoena var. Sericea 

12 

Daqingguo, Li 91100; Gcnqika, Li 91103; Yihuta. Li 91101 

V amoena var. oblongifolia 

24 

Zhaodong. Liu 89001. 

V. bifolia 

12 

Honshu*. Saitama Pref. F.ndo 166, lapen. 

V. chimetoivm 

14 

Roy 740600, Romania. 

V. fauriei 

12 

Honshus, Ynmagata Pref. F.ndo 487.J apan. 

V. jajmnica 

24 

Gulian. Li 90053; Maoershan, Li 90057; Baishilazi. Pei 89059. 

V. nippomca 

12 

Honshus. Miyagi Pref Undo 5X9. Japan. 

V. pisiformis 

12 

Roy 740600, Romania. 

V. p.seudo-orhus 

12 

Jiagesdaqi, Li 90045; Tahe. Li 90046; Silinji, Li and Liu 90048; Qiahshan. Li 91046 

V. ramuliflora 

12 

Gulian, Li 91041; Tahe, Li 91042; Silinji, Li 91043; Hailing, Li and Liu 91047; Qianshan. Li 91046; Mudanjiang. Liu 

91047; Fenghuangshan. Li 91048; Iluangnihc. Liu 91049. 


24 

Changbaishan, Li and Liu 91045. 

V. nwijuga 

12 

Qiling, Pei 89000; simeng, Li 90043; Jiagedaqi. Li 91001; Iahe. Li 89003. 


24 

Yiehun, Li 91050; Mudangjiang. Liu 89030; Qianshan, Li 91047; Fenhuangshan. Li 91048; ChangHiishan. Li 95006; Choi 
95003, Korea. 

l T . venosn 

12 

Huangnihe. Liu 90060; Hailing, Liu and Li 90062 

V. venosa var cuspidate 

12 

Choi 95001.95002. Korea. 

V. amurensis 

12 

Jiagedaqi, Li 90026; Tahe.Li 90027; Silinji, Li 90029; Mudanjiang, Li 90035; Liuguo. Liu 90037 


The seeds were put on a moist filter paper, and germi¬ 
nated at 22 °C. When the roots grew and elongated about 
1-2 cm long, the root tips were cut off and fixed in Car- 
noy's solution 3-24 h. In situ 4C DNA amount were 
measured in Feulgen cytopholodcnsitomctric method. 
The fixed root lips of each species together with those of 
the standard plant were hydrolyzed for 12 min in IM 
HC1 at 60 °C, washed in distilled water and placed in 
Feulgen solution for 2 h at 23 “C. They were subse¬ 
quently given three 10 min washes in SO 2 water (100 
mL H 2 0, 5 mL 1M HC1, 5 mL 10% (w/v) sodium 
metabisulphite). Each root-tip was squashed in 45% 
acetic acid. Nuclear DNA contents were estimated by 
microdensitomclry in the method of Maxted ct al. (1991) 
on Reichert-Jung scanning microdcnsitometcr. An ex¬ 


periment consisted of 3 slides of the standard plant, and 
3 slides for each one of the test species. Only telophase 
nuclei were chosen for measurement. Ten nuclei were 
measured per slide and 30 nuclei were measured for all 
species and standards. The DNA content of lest plants 
were obtained on the basis of absorbance, and expressed 
in pictograms using the known DNA content of the stan¬ 
dard as calibration. 

Results and Discussion 

Cytotaxonomic relationship between sect. Vicilla and 
its allied section 

Recently, Endo (1994) and Endo and Ohashi (1995, 
1996 a. b) studied morphological features of Vicia. es- 
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pecjally styles, stigmas and pollens, and proposed a 
new section, sect. Amurense Y Endo & H. Ohaslii. This 
section includes V amurensis, V. ciichroanlha , V. mun- 


mularia and V. libetica V. amuresis was a member of 
sect. Vicilla m Kupicha's system. 



Fig. 1. Styles and pollen grains of three species of I 'icia. 

Note: A. SEM phytograph at transverse view of style of V anmena, X500; B. SEM phytograph of transverse view of style of /". ramuli/Iara, X350; C. SIM phy¬ 
tograph of taterat view ot style of V. amuena, X300; D. SEM phytograph of transverse view of style of K umurensts, X500; I*. SEM phytograph of lateral view of 
style ol K ramtiliflorn. X70; E. SF.M phytograph of pollen grain of V. amnenct. X3.0 K; II. SEM phytograph of pollen grain of V nmmliflora, X3.0 K; 1. SEM 
phytograph of pollen grain of l\ amurensis. X3.0 K.. 
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Because those species have pollen grains with swollen 
nicsocipium. terete styles, abaxially sprouting stylar 
hairs and globose stigmas , they differ from the others 
species in sect. Vicilla in Kupicha's system. We observe 
those morphological features of six species-m Victa 
which distribute in Northeast of China by means of SEM 
(Fig. 1. Table 2), and find that V amuresis differs from 
Chromosome number and morphology of V. dichroan- 
tha, V. tibetica and V mmmntlaria have not been re¬ 
ported. The somatic chromosome number of V amuren¬ 
sis was found to be 2n=12 (Nikiforova. 19X4; Liu, 1988. 
Rudyka. 1986; Luo & Wang, 1989; and the present 
study). Rudyka (1986) observed presence of B chromo¬ 
some in V. amurensis. In this study V. emmresis (Fig. 2, 
A) and V. pseudo-orbits (Fig. 2, B)( a member in seel. 
Vicilla of Kupicha's system) are diploid and have simi¬ 
lar karyotypes. As they all have the same karyotype 
symmetry (2A), comparable chromosome size and the 
same type of Sat-chromosomcs. Two types of Sal- 
chromosomcs arc found in the complements of those 
species, length of satellite is equal to one of short arm of 
Sat-chromosome in the first type, and in the second type 
length of satellite is longer than one of short arm of Sat- 
chromosome. 




A 

—A* 


^ it 

i * ^ ^ 


W 

c 
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Fig. 2. Metaphsae morphology of four Vida species. 

A. V. amurensis ; B. I ’. pseudo-orhus; (.’. 1japonica; D. I ’ dumetorum. 

However, they are different in some finer details. The 
first type of satellite-chromosome is respectively the 2nd 
pair of chromosomes in V. amurensis and 3rd pair of 
Sat-chromosomcs in V. pseudo-orbits , and the 2nd ty pe 
of Sat-chromosomes arc respectively the 3rd pair in the 


other five species in pollen, style and stigmas. Hence, 
species in sect. Vicilla of Kupicha's system could belong 
into two different sections: 

Sect. Amurense V amurensis 
Sect. Vicilla: V. amoena, V. japonica , V pseudo- 
orhus, V ramuliflora, V. unijuya 
and V. venosa 

former and 2nd pair of Sal-chromosome in the latter. 
Therefore, sect Amurense is closely related to sect. 
Vicilla .. 


Table 2. Features of style, stigma and pollen of sect, Vi- 
cilla and sect. Amurense in Northeast China 


Taxa 

Stylar 

shapes * 

Stigma 
shapes 11 

Pollen Section 

mesoolpiuni c 

V. amoena 

- 

• 

i’icillu 

vnr. ohlongijolia 

* 

* 

{■’,cilia 

var. sencea 

4 

t 

Vicilla 

V. japonica 

4 

+ 

Vicilla 

lpseudo-orhus 

t 

t 

- . Vicilla 

V. ramuliflora 

* 

t 

- 1 T icilla 

V. unjugci 

+ 

+ 

Vicilla 

V. venosa 

* 

4 

1 'icilla 

V. amurensis 

- 

- 

i Amurense 


Note: a: • "dorsally compressed style, - terete style, b: +-conical stigma, - 
■ globose stigma, c: * "swollen mesocolpiunu-"plain mesocolpium. 


Karyotype evolution of sect. Vicilla 
Most researchers arc known as that basic chromosome 
number (x=7) is a primitive basic chromosome number 
in the genus and the others are derived from it (Rousi, 
1961). According to data of chromosomes reported in 
Vicia (Fedorov 1974; Goldblalt 1981, 1984, 1985. 1988, 
1991). Distribution patterns of basic chromosome num¬ 
ber in sect Vicilla arc differentiated between taxa in 
Europe and Asia. Most of European taxa have basic 
chromosome number of x=l, such as V duinetorum and 
V sylvatica. And taxa distributed in Asia arc polytypic 
in basic chromosome number, having basic chromosome 
numbers of x=5, 6 or 7. Most of them arc diploids at 
basic chromosome number of x=6. but intraspccific and 
interspecific tctraploids occur (Table 1). In addition, 
European taxa are different from Asian taxa in chromo¬ 
some complement (Cincura 1973; Terziiski 1974; the 
present study). •Kary oty pes of the former arc consisted of 
mclaccntric and submclaccntric chromosomes. For ex¬ 
ample, complements of V. dumelorum and V pisiformis 
have four or five pairs of mclaccntric chromosomes re¬ 
spectively (Fig. 2, D). Karyotype of the latter is con¬ 
sisted of three types of chromosomes, i.e. mclaccntric. 
submclaccntric and sublclocenlric chromosomes. In 
those karyotypes, the number of mctaccntric chromo- 
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somes decreases obviously, and the number of sub- 
metaccntric cliromosomcs increases, meantime one or 
two pairs of subtcloccntric cliromosomcs arc observed. 
In karyotype asymmetry, the karyotype in the section 
Vicilla is characterized by a moderate of asymmetry 
(Table 3). V. japonica has the highest asymmetry ten¬ 
dency (Fig. 2, C), while V pisiformis has the smallest 
degree of asymmetry. The asymmetry index of V ilume- 
torum is 60.02, and one of V. pisiformis is 58.02. The 
asymmetry index of these two species is higher, which 
is due to their high number of mclacentric chromosomes 
(four and five pairs) compared with the number of sub- 
metamentric cliromosomcs (two and three pairs). There¬ 
fore, the above results show that karyotypes of European 
taxa are more primitive and symmetric than that of 


Asian taxa (Table 3) Also these results clcarh show 
that a mechanism of increasing asymmetry degree 
probably be of decreasing number of mclacentric chro¬ 
mosomes during spcciation. Stcbbins (1971) considered 
that species with more symmetric karyotype were spe¬ 
cialized in morphological features. It is noticed that 
Asian taxa arc polytypic in morphology. According to 
tendril and stem, those taxa can be divided into two 
kinds: plants without tendril and with eric stem, and 
plants with tendril and ascending stem. The former dis¬ 
tributes in forest, the latter distributes in various habitats 
~uch as roadside, forest edge etc.. Hence, the present 
authors suggest that Asia probably be a center of modern 
diversification of sect. Vicilla , and Europe is an origin 
center of this section. 


Table 3. Karyotype data of sect. I 'iciUa and sect Aimirense in present study 


Taxa 

Formula 

The longest/'The shortest 

Average anil ratio 

As. I. 

l\ amoena 

2n~24~ 1 ()m M Osm • 4sl 

1.60 

2.09 

66.49 

var. oblongifolia 

2n~12~ 2m * 8sm 1 2sl 

1.41 

2.61 

66.95 

var. sericea 

2n~ 12~2m * 8am 12st 

1.40 

2.06 

62-49 

V. bifolia 

2n _ 12 - 4m(2SAT)' 6sm f2sI 

1.37 

2.29 

66.71 

V. dnmetorum 

2n^l4 _ 10m(2STA)»4sm 

1.49 

1.57 

60.02 

V. fauriei 

2n^l2~2m' 8sm<2st 

1.27 

2.48 

68.42 

V. japonica 

2n^24 8m(4SAT)i 10sm -t 6st 

1.57 

2.77 

68.71 

V. pisiformis 

2n~ 12~ 8m 1 4sm(2S AT) 

1.76 

1.21 

58.02 

V. pseudo-orhns 

2n~ 12" 2m(2S AT) 1 8sm(2S AT) t 2st 

1.37 

2.11 

65.60 

V. runmlijlora 

2n=24“8nH-I6sni(4SAT) 

1.68 

1.94 

64.49 


2n= 12~M(2SAT)' 8sm • 2st 

1.51 

1.98 

63.07 

V. untjga 

2n-24 8m(2SAT)12sm»4st 

1.42 

2,07 

66.15 


2n-i2-2m<2SAT)t8snn2st 

1.41 

2.31 

67.08 

V. vetinsa 

2n _ I2“2M»2m»8sni 

1.32 

1.98 

64.47 

f ’ amurensis 

2n -12 4m f 2(S AT)»6sm(2SAT)' 2st 

1.57 

2.54 

67.39 


Variation of 2C nuclear DNA in Vicia sect. Vicilla 
The DNA data obtained in the present investigation and 
Raina and Rees (1983) revealed significant differences 
in 2C DNA amount in Vicia seel. Vicilla (Fig. 3). 
Among diploid species, V. clumelorum has the highest 
DNA content (18.56 pg.), being 1.45 to 1.08 times more 
than the taxa in Asian. Another V pisiformis distributed 
in European has similar DNA content to taxa of sect. 
Vicilla in Asia. V amoena var. sericea has the lowest 
DNA content (12.75 pg ). Maxted et al. (1991) observed 
that the distribution of DNA amount in Vicia seemed to 
be independent taxonomic position. Decrease in chromo¬ 
some number in the genus is accompanied by increasing 
taxonomic advancement. According to karyotype data, 
we observe that decrease of DNA amount among the 
studied species in sect. Vicilla arc related with increas¬ 
ing taxonomic advancement. This differs from the results 
of Maxted et al. (1991) and Raina (1990). 


In three intraspccific lelraploid cytolypes observed, 
variation arc found between the highest 2C DNA 
amount for V unijuga (32.45 pg.) and the lowest for two 
populations of V. amoena (18.60 pg. and 17.19 pg. re¬ 
spectively). Not only the'variation in 2C DNA among 
genomes with the same ploidy level occurs, but also the 
tctraploid values arc to some extent lower than the dou¬ 
ble conspccific diploid ones. Among three tctraploid 
cylotypcs, V. amoena losses (he highest 2C DNA 
amount, which is about 29.8 percent. 

It has long has been known that in many groups the 
cliromosomcs in polyploids tend to be smaller than those 
in diploids. Two alternative explanations have been 
offered to explain why polyploid taxa may have less 
DNA per basic genome than the diploids. Darlington 
(1956) suggested that diploids with smaller chromo¬ 
somes were preadapted to form polyploids. On the other 
hand. Grant (1987) considered that salutary changes 
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occurred in the genome and also this probably have 
happened at the diploid or polyploid level. Because in- 
traspcific tetraploid cytolypes in V. amoena , V. ramuli¬ 
jlora and V tmijuga have less DNA amount per basic 
genome than the conspecific diploids, we suggest that 
the elimination of DNA has occurred in the polyploid 
cytotypes and not in their conspecific diploid cytolypes. 
Some authors considered that recent or ancient origin of 
polyploidy can be distinguished based on nuclear DNA 
amount (Bennet and Smith 1971; Poggio and Hunziker 
1986: Palomino ct al 1995). 



DNA- per basic genome(pg) 

Fig. 3. Variation of DNA amount of Vicia sect ViciUa in 
Northeast China 

Note: l- Tahe population of V. amoemr, 2- Qiqihaer population of V. amoena ; 
3- Changbaishan population of V. ramulijlora: ; 4- V. amoena var. sehcea\ 5- V. 
pseudo-orbus\ 6- V. pisiformiy, 7- Mudenjiang population of V. ramulijlora ; 
8- V. sylvatica; 9- Mudanjiang population of V. unijuga ; 10- Jagedaqi popula¬ 
tion of V. unijuga ; 11- V. dumetonim. Data on nuclear amounts V. Dumetorum 
of and V. sylvatica obtained from Raina and Rees (1983). 

The results in present study show that those intraspecific 
tetraploids could be ancient original. This suggestion 
may be supported by the distribution pattern of intras¬ 
pecific tetraploid cytotypes. 

Distribution patterns of intraspecific tetraploid cy¬ 
totypes in sect. Vicilla 

There is ploidy variation of chromosome number in 
four species in Northeast in China. Intraspccific poly¬ 
ploidy has been known in Vicia amoena , V unijuga, V. 
ramulijlora and V. japaona. 

Polyploid cytotypes are confined in a few sections 
(Table 4, data based on the following literatures: Fe¬ 
dorov, 1974; Goldblatt, 1981-1991; Hanelt and Mettin, 
1989; Hsu et al., 1988; Li, 1993; Luo & Wang, 1989, 
and the present study). In sect. Vicilla, approximately 


40% of all species has been observed to be polyploid 
cytolypes. Tetraploids and hexaploids are often indis¬ 
tinguishable from the conspecific diploids such as V. 
unijuga. Sometime, diploid cytotypes are different 
from conspecific teteraploid in their habitats and mor¬ 
phological features, for example, V amoena complex 
and V ramulijlora. 



Diploids and tetraploids in sect. Vicilla show two 
types of pattern in geographical distribution: sympatric 
and allopatric pattern (Fig. 4 and Table 5). It has been 
reported that frequency of polyploid population increases 
from the south to the north temperate zone, and poly¬ 
ploid individuals are over their diploid ancestors in 
adapting to the extreme cold and draught. But the pres¬ 
ent study all is not in agreement with this point of view. 
In V. amoena complex, tetraploid V. amoena distributes 
widely in Northeast of China, but its diploid var. sericea 
restrictly distributes in special geographic area of 
Tongliao (the overlapping area among Liaoning province, 
Jilin province and Inner liiongolia), in which soil is sand. 
The another diploid var. oblongifolia is occasionally 
found and distributes in a unstable community together 
with tetraploid V. amoena. So V. amoena complex could 
be a mature polyploid complex. The diploid cytotype of 
V unijuga is found in 50° north latitude, and its 
tetraploid one is in area between 46-40° north latitudes. 
The above result shows that diploid is distributed more 
northerly than conspecific tetraploid. 


Tabic 5. Distribution patterns of infrasnecfic diploid and tetraploid in three species of sect. ViciUa in Northeast China 


Taxa 

Basic Chr. No. 

Polyploidy 

Diploid geographic 

Tetraploid distribution 

Sympatric between diploid tetraploid 

V. amoena 

6 

4x 

Tongliao 

Northeast 

- 




Zhaodong 

Zhaodong 


V. ramulijlora 

6 

4x 

Northeast 

Mts. ('hang- haishaa, 1600m Alt. 


V.uniiuea 

6 

4x 

Northern area of Northeast 

Southern area of Northeast 

- 


24 





Journal ofForestry Research, Vol. 9, No. 1, Mar. 1998 


In V. ramuliflora and V venosa, tetraploid cytotvpes 
have been found in China so far, but absent in Russia, 
Japan and Korea (Table 1; Nikiforova 1984; Endo & 
Ohashi 1988). 



Fig. 4. General distribution of infraspecific tetraploids 
and conspecific diploids of three Vicia species. 

Note: O: showing tetraplid Vicia amoenai O: showing diploid var. ohUmgifo- 
ha\ • : showing diploid var. sericea ; □ showing tetraploid cytotype of V. 
ranmliflora{Mt%. Changhaishan, Alt. 1600-2000; ■ showing diploid cytotype 
of V ramuliflora-, A showing tetraploid cytotype of V.umjuga; A : showing 
diploid cytotype of V. unijuga. 

The two populations of cytotype exhibit disjunct dis¬ 
tributions in China. One population is more restricted in 
distribution of Changbai mountains (area from Alt. 
1600-2000 m) in Northeast in China, the other in 
Huangshan mountains in East China. The frequency of 
polyploid species tends to be relatively higher in the 
alpine area. Because those tetraploid cytotypes in V. 
ramuliflora are alpine perennial plants, their origin 
could be related with environment changes during the 
Tertiary period 


Acknowledgments 

This project was supported by Natural Sciences Foun¬ 
dation of Heilongjiang Province and Education Com¬ 
mittee of Heilongjiang Province. The authors thank the 
following researchers for providing seeds, specimens 
and important literature: Dr. M. D. Benrtet, Royal 
Botanic Gardens, Kew, England; Dr. F. A. Bisby, 
ILDIS Coordinating Centre, University of Southamp¬ 


ton, England; Dr. Choi Byoung-hee, Department of Bi¬ 
ology, Inha University, Korea; Dr. Y. Endo, Natural 
History Museum & Inst., Chiba, Japan; Dr. N. Maxted, 
School of Biological Sciences, University of Birming¬ 
ham, England; Dr. K. Yamamoto, Faculty of Agricul¬ 
ture, Kagawa University, Japan. 

References 

Arano, H. And Saito, H. 1980. Cytological studies in family 
Umbelliferae 5. Karyotypes of seven species in subtribe Se- 
seiinae. La Kromosomo U 17:471 -4 80. 

Bemiet, M. D. 1985. Intraspecific variation in DNA amount and 
the nucleotypic dimensions in plant genetics. In Plant Genet¬ 
ics. pp. 285 - 302. New York. 

— & Smith, .1. B. 1971. The 4C nuclear DNA content of sev¬ 
eral Hordeum genotypes. Can. J. Genet. Gytol. 13:607 - 611. 

— & Smith, .1. B. 1976. Nuclear DNA amounts in angio- 
spenns. Philos. Trans. R. Soc. Lond. Ser B Biol. Sci. 
274:227-274. 

Cincura, F. 1973. Angaben uber die Zahl und die Morphologie 
der Chromosome von Vicia dumelontnt L. under Vergleich 
mit Vicia pisiformis L. Act Fac. Rerum Nat. Univ. Comenia- 
nae Bot. 21:103-107. 

Darlington, C. D. 1965. Cytology. Churchill, Ltd. London. Endo, 
Y. and H.Ohashi, 1987. Chromosomes of the five inlras- 
pecifie taxa of Vicia venosa (Leguminosae) in Japan. Jour. 
Jap. Bot. 62:65-69. 

Endo Y. 1994. Pistil morphology of Vicia amuremis 
(Legunrinosae) and its allied species. J. Jpn. Bot. 69:379-382. 
Endo Y., Ohashi, 11. 1995. The morphology of styles and stig 
mas in Vicia (Leguminosae), and its systematic implications. 
J. Plant Res. 108:17-24. 

Endo, Y. Ohashi, A. 1 996a. The infragenetic positions of East 
Asian species of Vicia (Leguminosae). J. Jpn. Bot. 71:254- 
262. 

Endo, Y. Ohashi, H. 1996 b. The pollen morphology of Vicia 
(Leguminosae). Ameri. J. Bot. 83:955-960. 

Fedorov, A. A., 1974. "Cliromosome numbers of llowering 
plants". Nauka Legningrad. 322. 

Goldblatt, P (ed.). 1981. hidex to plant cliromosome numbers 
1975-1978. Monographs in Systematic Botany from the Mis¬ 
souri Botanical Garden. V. 1. Saint Louis, Missouri Botani¬ 
cal Garden. 

—(ed.). 1984. hidex to plant cliromosome numbers 1979- 
1981 Monographs in Systematic Botany from the Missouri 
Botanical Garden. V. 2. Saint Louis, Missouri Botanical 
Garden. 

—(ed ). (985. hidex to plant cliromosome Numbers 1982- 
1983. Monographs iii Systematic Botany from the Missouri 
Botanical Garden. V. 3. Saint Louis, Missouri Botanical 
Garden. 

—(ed.). 1988. Index to plant cliromosome numbers 1984- 
1985. Monographs in Systematic Botany from the Missouri 
Botanical Garden. V. 4. Saint Louis, Missouri Botanical 


25 





Cytotaxonomy and Cylogeograpliy of Vicia sect Vidlla in Norllieast of China 


Garden. 

—(ed.). 1991. Index to plant chromosome numbers 19X6- 
19X9. Monographs in Systematic Botany from the Missouri 
Botanical Garden. V. 5. Saint Louis. Missouri Botanical 
Garden. 

Grant, W. F. 19X7. Genome differentiation in higher plants. In 
Differentiation Patterns in Higher plants. Ldited by Urban- 
ska, K. M. Academic Press. London and New York 

Hanelt. P. and Mettin, 1). 19X9. Biosystematics of the genus 
Vicia L. (lA’guniiiuMie). Amur Rev. Kcol. Syst. 20:199-223 

He R, He SY. 1994. A study of genus View from Northeast 
China. ActaBot. Boreal.Occident. Sin. 14:303-306. 

Hsu, PS., Huang, S. F., Quin, L. Y. it Lu, M 19X5. Karyotype 
analysis of Vida eihmlala. Acta Bot Yunnan 7:425-427. 

Huziwara, Y. and Kodon, S. 1963.Studies on the karyotypes of 
Vida Bot. Mag. (Tokyo) 76:324-332. 

Kenton, A., Dickie, .1. B., Longton, D. II. L. and Bennet, M. D. 
1990. Nuclear DNA amount and karyotype symmetry in 
Cypella and Ilesperoxipbon (Tigridieaedridaceae). Lvol. 
Trends Plants 4:59-69. 

Kupicha, F. K. 1976. The infrageneric structure of Vida. Not. 
Royal Bot. Garden, Edinburgh 34:2X7-326. 

Lee, Y. N. 1972? Cytotaxonomic study of Vida unijuga complex 
in Korea. J. Korean PI. Taxon. 4:1-5. 

Lcvean, A., Fredge, K. and Sandberg, A. A. 1964. Nmenolalure 
for centromeric position on chromosomes. Ilereditas 52: 201- 
220 . 

Liu. Y II. 19X6. Karyotype analysis of plants in Vida L. spe¬ 
cies. Grassl. China 5:3X-42 

Luo, P it Wang, J. W. 19X9. The Karyotypes and taxonomy of 
Chinese Vida L. In D.I long (ed.) Plant Chromosome Re¬ 
search 1987. Organizing Committee Sino-Japanese Sympo¬ 
sium on Plant Chromosomes, Beijing, 79-X3. 

Maxted, N., Callimassia, M. A. and Bennet, M. D. 1991. Cyto¬ 
taxonomic studies of Eastern mediterranean Vida species 
(Legumiuosae). PI. Syst. Evol. 177: 221-234. 

Nikiforova, O. D. 19X4. Karyological study of the Siberian 
species of the genus Vida L. ( Fabaceae ). Cilologija 
26:1124-1130. 

Palomino, G., Romo, G. and Zarata, S. 1995. Cliromosome 
numbers and DNA content in some taxa of Leucaena 
(Fabaceae Mmosoideae). Cytologia 60:31-37. 


Pegington, C. and Rees, II. 1970. Chromosome weights and 
measurements in the Trilidnae. Ilereditas 25:145-205 
Poggio, L and Ilunziker, J. II. 1986. Nuclear DNA content 
variation in Hubiesia J.Heredity 77:43-48. 

Poggio, L„ Burghardt, A. D. and Ilunziker, J. 11. 19X9. Nuclear 
DNA variation in diploid and polyploid taxa of Ixnrea 
(Zypophyllaceae ). I leredity 63 321-328 
Rama, S. N . 1990 Genome organization and evolution in the 
genus Vida In. Biological approaches and evolutionary 
trends in plants, pp. 183-201 New York. London: Academic 
Press. 

—, Parida, A., Konl, K. K., Saliinath, S. S., Bislit, M. S., 
Raja. V. and Khoshoo, T. N. 1994. Associated chromosomal 
DNA changes in polyploids. Genome .37:560-564. 

— & Rees, S. N. 198.3 a. DNA variation between and within 
chromosome complements of Vida species. Heredity 51:335- 
346. 

— it Rees, S. N. 1983 b. Variation in chromosomal DNA as¬ 
sociated with evolution of Vida species. In Kew Chromo¬ 
some Conference II. Edited by P. E. Brandham and M D. 
Bennet. Allen and Unwin, London. 

Rousi, A. 1961. Cytotaxonoiiuca! studies on Vi a a cracca L. and 
L. lemiifolia Roth. I. Chromosome numbers and karyotype 
evolution. Ilereditas47:81:110. 

Rudyka. E. G. 1986. Chromosome numbers in some representa¬ 
tives of the Alliaceae. Fabaceae, Malvaceae , Poaceae fami¬ 
lies. Bot. Znrn. 71:1426-1427. 

Sokolovskaya, A. P. Probatova, N. S. it Rudyka, E G. 1989. 
Chromosome numbers in some species of the llora of the So¬ 
viet Far East from the families Aclwidiaceae , ,1m- 
lolachiaceae, Fabaceae , Rammculaceae , Saxijmgaceae. Bot. 
Zuni. 74:268-271. 

Stebbibs, G. L. 1971. Chromosomal evolution in liiger plants, 
dward Arnold Ltd.London. 

Xia Z 1). 1996. A taxonomic study on the genus Vicia L. in 
China. Acta Phytotaxonoinica Sincia 34:421-433. 

Terziiski, D. P. 1974. Cytotaxonomic studies on Bulgarian 
ieguinous species: The karyotype of Vicia dumelonmi L. C. 
R. Acad.Bulg. Sci. 27:126-1270. 

(Responsible Editor: Zhu Hong) 


26 




